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In the present study, we have successfully constructed a
pituitary cDNA library and a liver genonic library in Xgt11.
The cDNA library allows us to raise a GH cDNA sequence for
directing GH synthesis in transgenic fish and facilitate the
screening of GH sequences from a genomic library. The genomic
library allows us to raise the control sequence of the GH
gene and enables us to better understand the in vivo
regulation of the GH gene.
The pituitary cDNA library was prepared from 250 pieces
of grass carp( Ctenopharvngodon idellus) pituitary glands.
The mRNA. was purified through oligo-(dT) cellulose
chromatography. Its quality was tested by in vitro
translation. The cDNA was synthesized by a commerical- cDNA
synthesis kit. Linker strategy was used to create EcoRI
cohesive ends at the 5' and 3' ends of the cDNA. The cDNA
With EcoRI sites was cloned into xgtll and a library of 8.5 X
105 recombinants was produced. This library was screened with
an oligonucleotide probe. Up to this moment, eight clones
with enrichment of positive signal was obtained.
A genomic library of 2 x 106 recombinants was
constructed by cloning a 3-7 Kb insert into Xgtl1. The insert
Was generated through partial Sau3A digestion and sucrose
density gradient.
Considerable efforts have been spent on
constructing a genomic library with an insert size of 9-23Kb.
However, all of these attempts were unsuccessful. The 9-23Kb
fragments, generated through 5au3A partial digestion and
sucrose density gradient, were cloned into XEMBL3. This
attempt resulted in a very low titer of recombinants. We
suspected that the failure might be due to the bad quality of
the cohesive ends in the inserts. To overcome this problem,
the Sau3A ends were sealed with polymerase and linkers were
added. However, this attempt has not improved the situation
significantly.



































GRASS CARP( Ctenopharvngodon idellus)
CHAPTER 1 THE BIOCHEMISTRY AND MOLECULAR CLQHING OF GH
1.1 Introduction
Since Evans and Longs (1921) discovered growth-promoting
substances by producing gigantism in rats, many laboratories
have tried to investigate the chemical nature and molecular
regulations of these substances. Because of its difficult
accessibility,GH was isolated not until 1941 (Li and Evans,
1944). Advances in biotechnology and recombinant DNA
techniques have allowed GH to be obtained in large quantity.
In this decade, many types of GH have been cloned, sequenced
and expressed. This speeds up the study of GH research,
especially at the molecular level.
Besides clinical studies, the cloning of GH has led to
the development of transgenic livestock (eg. sheep, pigs and
rabbits) (Hammer et al., 1985), fish (eg. rainbow trout)
(Maclean et al., 1987) and birds (eg. chicken and duck)
(Souza et al., 1984; Chen et al., 1988). The transgenic
operation is of neat scientific importance and potential
economic value.
1.2 Nature of GH
GH is a peptide hormone (Tablel.l) consisting of a
single polypeptide chain of about 200 amino acids. The
molecular weight is around 20-22 kDa. GH has a single
homologous tryptophan residue at locus 85 (Kannan, 1987).
There are two or three intrachain disulfide bonds and free N-
and C- terminals ends (Paladini et al., 1983). The structure
of bGH, for instant, is shown in fig.1.1( Wallis et al, 1985
) Although potential N-glyeosylation sites in the salmon GH
have been reported, it is believed that mammalian GHs are not
glycoproteins (Sekine, et al., 1985).
GH is a collection of similar proteins with variant
forms and are immunologically related. Heterogeneous forms of
GH have been found in hGH, rGH and bGH (Eillis et al., 1978).
Sklyer et al., (1977) were able to detect up to 12 variants
of hGH, and Schleyer et al, (1982) isolated five subfractions
of porcine GH which showed slightly different amino acid
compositions. Two types of GHs were reported in tuna, salmon
and eel pituitary glands (Sato et al., 1987). The multiple
forms of GH are suggested to be the results of the

















Table 1.1 Pituitary hormones are categorised into
various groups( Kannan, 1987).
Fig. 1.1 The primary structure of bGH.
1.2.2 Nucleotide and amino acid sequences
At the molecular level, the GH gene is located at the
long arm of chromsome 17. The coding sequences of GH( fig.20
) in several species (i.e., rat, human and chicken) have
been determined to have 4 introns( Wallis et al, 1985). A
complete sequence of hGH is about 2 Kb( DeNoto et al, 1981
). It consists of 5 exons, 4 introns and a 26 amino acid
signal sequence, a TATA box at the 5' end and a common
sequence TTTTGTCTGA( related to poly A addition) downstream
of the 3'end( fig.1.2).
In the fish family, tuna GH shows a 90%, 87% and 32%
homology at the amino acid level and an 88%, 66% and 46% at•
nucleotide level with those of yellow tail, salmon and human
GH( Sato et al, 1988). The complete amino acid and
nucleotide sequences of rainbow trout, salmon and tuna GHs
are shown in Apppendix A.
1.2.3 Bioassav and cross-reactivitv
Growth promoting activity is a bioassay for pituitary
GH. This standard bioassay involves injection of GH into
hypophysectomized rats in order to determine the increase in
weight that results( Kannan, 1987).
GH from different species show cross-reactivity. For
Fig. 1.2. Map of hGH gene. Restriction sites labelled for DNA
sequencing are indicated. The scale of the fragment is shown
in Kb. Boxes indicate exons and thick lines are introns; 5'
and 3' untranslated segments are stippled.
example, salmon GH can promote growth in rainbow trout(
Sekine etaJ, 1985). Because of this, it is possible that a
single kind of GH gene can be used to promote growth in
different species. This is particularly meaningful in the
development of aquaeulture.
1.3 Action of GH
GH is secreted by the somatotropes of the anterior
pituitary glands( fig.1.3)( Bond, 1979). The major action
of GH is to promote overall somatic cell growth and the
removal of the pituitary gland leads to the complete
•
cessation of growth( Wallis et al, 1985). The growth
-promoting effects of the GH are mediated by a family of
insulin-like peptide hormones called somatomedins which is
generated in the liver. Somatostatin exerts a negative
regulation on GH; whereas the GHRH( growth hormone releasing
hormone) exerts a positive regulation on GH( fig. 1.4). GH
will stimulate the secretion of somatomedins which will in
turn activate the growth promotion. In addition, GH is also
involved in lipid, protein and carbohydrate metabolisms(
Kannan et al, 1987).
1.4 GH rgsearli-in genetic engineering
Besides clinical applications and transgenic experiments
( Watson et al, 1983), the molecular biology of the GH gene
has been studied in detail. The human genes for GH, prolactin
and chorionic somatomammotropin are all located in the long
arm of chromosome 17. They are clustered together and form a
set of proteins which are structurally related and have
partially overlapping biological activities( Barsh et al,
1983). Thus, these genes provide an excellent model for
studying evolution, regulation of gene expression and
structure-function relationship of similar gene products. The
paths of molecular evolution suggest that all GH related
genes may have a common ancestry. Studies of this kind may























Fig. 1.4 Feedback regulation of growth hormone secretion.
1.5 Current studies on molecular c Ion in of fish GH genes
1.5.1 Cloning and expression of fish GH genes
In recent years, GH has been cloned from different
species of fish. These cloned genes have been expressed
successfully in E.coli. The yield of bacterially produced
fish GH is usually more than 10% of the total cellular
protein. Therefore, massive amount of fish GH can be obtained
using this technology. Because of the eommerical value of
fish GH to aquaculture( Liley, 1980), more effort has been
devoted to the cloning of fish GH at the cDNA level. The
genomic sequence of fGH is of interest to those who seek for
•'
an expression system for transgenic studies. Up to this
moment, fish GH research is only at a preliminary stage.
Previous studies on this field are summarized in the
following paragraphs:
Salmon GH cDHA
The first successful case of cloning and expression of a
fish GH gene was reported by Sekine et al (1985). Using the
method of Okayama and Berg( Okayama and Berg, 1983), a cDNA
library was constructed from pituitary mRNA. The library was
screened with two synthetic oligonucleotide probes which were
derived from the amino acid sequence at the C and N-
terminus of sGH. Two clones positive to the two probes were
obtained. In order to prove that the eDNA sequence carried by
the plasmids are full length, the cloned gene was sequenced
and expressed in E.coli with an expression plasmid. Fifteen%
of the cellular protein generated was the recombinant salmon
GH. They were found to have equipotent in promoting weight
and length increases of the rainbow trout.
Rainbow trout GH cDNA( Agellon and Chen, 1986)
The rainbow trout GH cDNA gene was screened from a pUC18
cDNA library by immunoblot screening using an antiserium to
chum salmon GH. The cloned gene was expressed as a fusion
protein and was sequenced. The nucleotide sequence of rainbow
trout was only 6 bases different from that of the salmon
cDNA. The predicted amino acid sequence from the rainbow
trout was identical to that of the salmon.
Presently, the GH cDNA sequences for tuna, eel and
yellow tail have also been cloned and sequenced( see Appendix
A).
1-5.2 Development of transgenic technology in aouaculture
Up to now, the techniques of cloning fish GH genes and
their expression in E.coli have already been established. A
new direction of fish GH research would inevitably turn to
the use of transgenic technology in aquaculture.
Zhu et al( 1985) reported the first transgenic
experiment in gold fish. A 9.4 Kb bovine papilloma virus
mouse MT-1 gene promoterhGH gene DMA sequence was
microinjected into fertilized gold fish eggs. Using dot
hybridization and restriction enzyme analysis, they were able
to show that the integration of these noval genes occurred in
some of the transgenic fish.
Chourrout et al( 1986) microinjected SV40 promoter
hGH fusion gene into rainbow trout eggs. A large proportion
of the embryos from the experiment demonstrated the presence
of the novel gene in the genome. Recently, Maclean et al(
1987) microinjected a 6.6 Kb mouse MT-1 rat GH fusion gene
( fig.1.5) into the fertilized eggs of the rainbow trout.
The integration of these novel genes were observed in fish
developed from the microinjected eggs.
In order to successfully obtain a stock of fish with a
permanently enhanced growth rate, knowledge on the control
system for the expression of the fish GH gene must be
established.
Fig. 1.5 a) The cloning vector pMrGH carrying the mouse
MT-1 rGH fusion gene, b) The linear fragment 6.6 Kb of mouse
MT-1 rGH used for microinjection.
1-6 Aim of present study
The aims of the present study are: (1) to construct a
fish pituitary cDNA library in order to isolate the fGH gene
and to use it for later transgenic experiments, and (2) to
generate a fish genomic library so that the GH gene and its
control sequence can be studied.
CHAPTER 2 CONSTRUCTION OF GENOMIC LIBRARY
2.1 Introduction
The intron sequences of the fGH structural gene and the
expression sequence upstream from the 5' end have not been
determined. This information is important to the
understanding of gene expression and the molecular biology of
the fGH gene. Without it, it will not be possible to design
an expression system for transgenic experiments. This is a
crucial requirement in getting a cloned fGH gene to express
successfully and properly after the initial transfection.
Palmiter et al (1982), in their work with transgenic mice,
introduced a metallothionein- GH fusion gene into mouse
eggs. The transgenic mice obtained were fed with water
containing 5000 ppm zinc sulphate and this promoted the
expression of the cloned fGH gene in vivo. By analogy, if the
fGH gene is put under the control of the metallothinonein -1
(MT-1) promoter, it is possible that expression of such a
fused gene should result in markedly increased growth rates
of the kind which had been demonstrated in mice( Palmiter et
0
al, 1983).
The use of the MT-1 promoter to induce expression of fGH
is not practical in fish culture. High level of zinc ions in
fish ponds is not acceptable and natural or sea water do not
contain significant amount of heavy metals.
Since GH is a secretory polypeptide, the signal sequence
of the upstream region, which directs the secretion of the
polypeptide is another important factor to be considered.
Fish signal peptide may be different from that of mouse or
other mammals. A signal sequence derived from the grass carp
will surely direct the secretion of GH in transgenic fish.
Thus, the cloning of the entire fish GH genomic sequence is
essential to obtain this information.
In short, the reason why we would like to construct a
grass carp genomic library is to study the expression and
control sequences of fGH gene.
A genomic library is defined as a collection of clones
sufficient in number to include all the genes of a particular
organism (Brown, 1986). In addition, a perfect genomic
library would contain DNA sequences representative of the
entire genome, in a stable form, as a managable number of
overlapping clones. The cloned fragments should be large
enough to contain whole genes and small enough to be mapped.
Most importantly, a library should be easy to screen for the
sequence of interest. A good library should be amplifiable
without loss or misrepresentation, and it can be stored for
years without significant decrease in titer( Kaiser and
Murray, 1985).
Johansen and Valla (1987) have successfully constructed
a genomic library for the Altantic Salmon (Salmo Salar) in a
XEMBL3 replacement vector. Chromosomal DNA was extracted from
fresh sperm and partially digested with Sau3A to generate a
maximum molar quantity of fragments of about 15Kb. These
fragments were cloned into XEMBL3 arms and a genomic library
g
of 1.3x10 recombinants was constructed. The library was
amplified and screened by a radioactively labeled fGH cDNA.
Forty-five positive signals were picked up by
autoradiography. Three of them had strong signals and were
being mapped by restriction endonuclease analysis. Up to this
moment, this work is still in progress. and no additional
information is available.
In the present study, we have attempted to use the
X.EMBL3 and XEMBL4 vectors to construct a genomic library for
the grass carp. Despite considerable effort, we have only
managed to generate a genomic library with 3-7Kb inserts in
the expression vector Xgtll.
2.1.2 Estimation of a genomic library size
Before the construction of a genomic library, the
required size of the library should be estimated. A very
simple method, described by Kaiser and Murray(1985), allows
one to make an approximation, sufficient for most purposes.
The formula used is as follows:
where N= of recombinants
P= possibility of 0.99 of
containing any particular
DNA sequence
X= insert size (Kb)
Y= size of haploid genome(Kb)
For cloning using XEMBL3 and XEMBL4 vectors with insert
DNA of 15 Kb.
' recombinants
For cloning using Xgtll vectors, with insert DNA of 4 Kb.
Therefore, our target for the construction of a genomic
library is 3x10 recombinants in Xgtll with a 4 Kb insert and
1x10 recombinants in XEMBL3 or XEMBL4 with a 15Kb insert.
2.1.3 Strategy and planning
In constructing a genomic library the following factors
should be considered: choice of tissues or cells,
preparation of high MW chromosomal DNA, methods of generating
suitable size of insert DNA, and the uses of vectors and
hosts.
a.High MW DMA and insert DM
In this study, our methods are modified from those of
Kaiser and Murray (1985) and Huynth, Young and Davis (1985).
Fresh grass carp liver was used as the starting material. In
order to generate a good library, the quality of high MW DNA
is very important. Only DNA with less shearing and very high
MW (~100 Kb) can be rated as a good. There are normally two
methods to generate DNA fragments in a random fashion;
mechanical shearing and restriction enzyme partial digestion.
Mechanical shearing by 21G needle is applied to yield genomic
DNA fragments of 3- 7 Kb for cloning in Xgtll by linker
strategy; and restriction enzyme (5au3A) partial digestion is
applied to yield genomic DNA fragments of 9- 23 Kb for
cloning in XEMBL3 as well as in XEMBL4.
The only method by which DNA can be fragmentated in a
truely random fashion, irrespective of its base composition
and sequence, is mechanical shearing. However, DNA fragments
prepared in this way requires further manipulations(
e.g.,end sealing, methylation, ligation to linkers, digestion
of linkers, removal of linkers)( Young and Davis, 1985) to
generate cohesive ends compatible with those of the vector
arms. This usually causes loss in DNA and non-specific
degradation of DNA.
%
On the other hand, partial digestion with restriction
enzyme (5au3A) that recognizes tetranucleotide sequences can
generate a population of fragments that is close to random.
In addition, these can be readily cloned into vectors which
have cohesive ends. It is worthwhile to note that the use of
restriction enzyme( e.g.,-£amHI) recognizing hexanucleotide
sequence in partial digestion can only generate sequences in
less random fashion(Maniatis et al, 1982).
h.Choice of vectors
The vectors used in constructing a genomic library is
normally X bacteriophage and cosmids. This is because of
their capacity in accepting large insert size and high
efficiency of delivering DNA into the host. X replacement
vector is a better choice because we are dealing with a small
eukaryotic gene( i.e.,less than 2 Kb). With phage vectors,
we can use plaque hybridization assay( Watson et al, 1983)
which is a very efficient technique for screening
recombinants.
XEMBL3( fig.2.1), XEMBL4( fig.2.2) and Xgtll(
fig.2.3)( Easier and Hurray, 1985; Huynh et al, 1985 )were
used as cloning vectors in our library preparation. XEMBL3
and XEMBL4 are both X replacement vectors. The only
difference between these two vectors is the orientation of
the cloning sites. The polylinker sequences flanking the
stuffer region allows a choice of cloning enzymes, and avoids
the religation of vector arms to the stuffer fragments(
Frischauf,et al,1983).
Bacteria strains NM538, a permissive host, and HM539, a
restrictive host, are used for selection of recombinants in
the EHBL system. Vectors carrying inserts less than 9Kb
cannot grow in both NM538 and MM539. Only recombinants
carrying 9-23 Kb inserts can grow in P2 lysogen (i.e.NM539)
by virtue of their spi phenotype. Those carrying the stuffer
encoding gam+ genotype can be screened out in NM539(
Frischauf et al, 1983).
The expression vector Xgtll( fig.2.3) carries a unique
EcoRI cloning sites within the lacZ gene which allows the
selection of recombinants by virtue of the inactivation of
lacZ gene. The cloning capacity is up to 7.2Kb. It also
carries a temperature sensitive repressor gene (cI857) and an.
amber mutation (S100) which control the lytic infection of
the host( Huynh and Davis, 1985; Schlief and Wensink, 1981
c.Three cloning strategies
l.gtll strategy
A linker strategy is used to clone a 3-7Kb insert DNA
generated by either mechanical shearing with NaCl density
gradient or Sau3A partial digestion followed by sucrose
density gradient. In order to create EcoRI cohesive ends on
5' and 3' ends of insert, further modifications are required
through EcoRI methylation, filling in reaction, ligation of
ITcoRI linker, digestion of JSeoRI linker and removal of free
Fig. 2.1( a) Simplified map of EMBL3. The central 'stuffer'
fragment is flanked by polylinkers in reverse orientation.
Other than Sail (S), Bamtll (B), and IseoRI (E) sites in
polylinkers are those enzymes in the entire DNA molecules.
( b) The DNA sequence of the relevant region of an
EMBL3 polylinker.
Fig.2.2. Simplified map of EMBL4.
Fig. 2.3 Map of Xgtll. Restriction endonuclease cleavage
sites are designated in kilobase pairs from the left end.,
attachment site. The transcriptional orientation of lacZ is
indicated by the horizontal arrow. The sequence of the unique
licoRI site, the nucleotides that immediately surround it, and
the amino acids encoded are shown below the phage map.
linker. By this strategy, we aim at constructing a genomic
library in Xgtll with 2X10 recombinants.
2.X-EMBL3 strategy
XEMBL3 is the best choice as the cloning vector because
it carries the BamtiI cloning site which is compatible with
the cohesive ends generated by Sau3A digestion.
3.XEMBL4 strategy
A linker strategy is used to clone 9-23Kb insert DNA
which goes through the same modification as in Xgtll
strategy. This generates insert DNA with AeoRI cohesive ends
which are compatible with the cloning site of vector EMBL4.
This strategy is employed to overcome the problem of broken
end(s) and incomplete restriction ends of insert DNA.
2.2 Material




















It is labeled as N-lauroylsarcosine, sodium salt
containing 0.5 mole of H2O per mole.
PhenolC BDH)
It should be pretreated before use. The detail is shown
in Manitias et al( 1982).







































IN Tris.CI, pH 7.5
2% gelatin
The medium is autoclaved before use and stored in 50ml
lots.







The medium is adjusted to pH 7.5 with NaOH and then
autoclaved.







The medium was made up into 1 litre by distilled H2O and
then autoclaved before use.
LB plate( for 1 liter preparation)
In addition to the LB medium, 15g of agar is added. It
is autoclaved and then poured onto petri-dishs before the
temperature of the medium drops below 45°C.
Sucrose solutions( for sucrose density gradient)
10% and 40% (WV) sucrose buffers are prepared in a







NaCl solutions( for NaCl density gradient)


















The sequence is d(GGAATTCC) which is kinased before use.
BamHI( Anglian)
The concentration is 20111.
DMA polymerase( Promega)
The concentration is IOUaI.
EcoRI( Promega)
The concentration is 20UJ1.
ffcoRI Methvlase( Progema)
The concentration is 20Uaj1.
Protease K( Sigma)
The final concentration in buffer is 50-250gml. It is
pretreated at 70°C for 10 minutes before use. The activity is
14.2Umg solid. One unit is defined as hydrolysis of casein
to produce colour equivalent to l.OMciole of tryrosine per
minute at pH 7.5 at 37°C.
Sau3A( Amersham)
The concentration is lOU1.
T4DNA lipase( Amersham)
The concentration is 2.5U;ul.
2.2.2 Vectors and hosts
Y1Q9Q( r-)( Promega)
The genotype is FcoKL lacU169proA+ fllon araD139strAsupF
Iixp.C22::TnlO]hadR~hadl+(pMC9) pHC9= pBR322- lael+( Young
and Davis, 1985)
Y1Q88 (r-)( Promega)
The genotype is ITeaBX fllacU169supE supF hsdR hsdM metB
trpR tonA21 proC::Tn5 (pMC9)( Young and Davis, 1985).
NM538( Promega)
It is dervied from ED8654 with relevant genotype of supF
hsdR( Frischauf et al, 1983).
NM539( Promega)
It is derived from NM538 with relevant genotype of supF
hsdR( P2 cox3)( Frischauf et al, 1983).
Protoclone tll System DNA( Promega, 1987)
The system is ITeoRI-digested, alkaline
phosphatase-treated Xgtll DNA. The genotype is lac5
A(shindIIIX2-3 s£±3°£l857sxIA5°S.aml00( Young and Davis et
al, 1985). The restriction map is showed on fig.2.3.
EMBL3 BamRI Arms( Promega
The DNA are BamRI and IfcoRI digested, followed by
treatment with alkaline phosphatase. The concentration is
500JgDNAml. The restriction map is shown on fig.2.1.
EMBL4 DNA( Promega)
The concentration of DNA is 433Jgml. The restriction
map is shown on fig.2.2.
2.3 Cloning in Xgtll us in an linker strategy
2.3.1 Hothods.
General considerations
The work of recombinant DNA technology required high
quality and contamination free reagents, buffers and
glasswares. Glasswares, buffers( if possible) and water(
double distilled and NANO purified) were autoclaved before
use. Hand gloves were worn throughout the experiment to
prevent nuclease contamination. Autopipette tip with wide
bores were used to transfer chromosomal DNA.
2.3.1.1 Preparation of high MW chromosomal DNA
The preparation of high MW chromosomal DNA from grass
carp liver included three methods( Kasier and Murray, 1985
a.Method 1
1.Preparation of lysate
All procedures were done on ice. Buffers were precooled
o
at 4 C before use. Liquid nitrogen was poured into a mortar
in which fresh grass carp liver was immersed. The frozen
liver was grounded into powder by a precooled pestle in the
0'
presence of liquid nitrogen. Fresh liquid nitrogen was added
intermittently to keep the liver frozen. After complete
evaporation of liquid nitrogen, the frozen liver powder was
transferred into an homogeniser( Wheaton 15ml), containing
ice- cold homogenisation solution( 10ml). After
homogenisation, the solution was decanted through a piece of
sterile cheese cloth into a breaker( 100ml). The
homogeniser was rinsed with 5ml ice- cold homogenisation
solution, which was filtered into the same breaker. The
filtrate was then transferred into a cold corex centrifuge
tube( 30ml). The breaker was rinsed with ice- cold
homogenisation solution( 1 2ml) which was also
transferred into the same corex centrifuge tube. The
homogenate was spun at 7000 rpm for 7 minutes at 4°C in a
precooled rotor. The supernatant was decanted and the nuclear
pellet was resuspened in ice- cold homogenisation solution(
10ml). The entire contents of the tube was returned to the
homogeniser and rehomogenised. This procedures was repeated
once. To lyze the nuclei and to degrade protein, sarkosyl and
protease K were added to a final concentration of 2Z and 50
Jgml respectively.The homogenate was then incubated at 55°C
for 2 hours.
2.Phenol extraction( Maniatis et al, 1982)
In order to minimize DNA breakage, phenol extraction was
preformed in a very GENTLE manner. The lysate was extracted
with phenol( 1 volume) until there was ho white pellet
between the 2 phases after centrifugation at lOKrpm for 30
minutes at 4° C. The aqueous phase was extracted once with
chloroform and isoamyl alcohol( 1 volume) followed by
centrifligation at lOKrpm (Hitachi 20—2) for 5 minutes at 4 C.
The trace of phenol remaining was removed by extracting with
ether( 1 volume) twice. Ether was evaporated by incubating
the lysate at 50°C or using a stream of nitrogen.
3.Banding DNA in ultracentrifuqation
CsCl crystals( 1.25gml lysate) were added into the
lysate with EtBr( 20jgml lysate). DNA was then isolated by
centrifugation( Beckman SW50.1) at 40Krpm for 48 hours at
20°C.
The chromosomal DNA band was removed by tube puncture(
18G needle). This was monitored under UV illumination. The
DNA solution so obtained was extracted with butan—2—ol(
TE, pH 8.0 saturated) until all the EtBr was removed.
4.Purification of chromosomal DNA
The DNA solution was dialysed( membrane tubing 32mm)
with stirring at 4°C to remove salts, and butanol. 0D at 260
and 280 nm was measured to determine the purity and amount-
Gel analysis was also carried out to check for shearing.
b.Method 2
The procedures were exactly the same as those described
in Method 1, except that no EtBr was used. The removal of
chromosomal DNA was done by puncturing just below the middle
of the centrifuge tube- The remaining solution was also
collected by puncturing with a needle into several fractions.
A drop from each fraction( 2jl) was adsorbed into an
agarose gel( 0.3X) containing EtBr( O-bugml) to
determine its DNA content. The fractions containing DNA
showed up as a red spot under UV illumination.
c-Method 3
The procedures were the same as in Method 2 except that
phenol extraction, EtBr staining and butanol extraction were
t«
omitted. A smaller amount of liver( l-2g) was used for this
procedure. Protein digestion with a larger dose of protease
K( 250Jgml) and incubating overnight at 55°C was carried
out. The removal of DNA after ultracentrifugation was done by
puncturing with an 18G needle and DNA collected in microfuge
tubes( about 5 fractions collected). The fraction(s)
containing DNA was determined as mentioned in Method 2.
2.3 1.2 Concentration of DNA
a.Centricon 3Q( Amicon, 1986)( fig. 2.4.)
The operation was carried out exactly as described by
the manufacturer. The DNA sample( made up into l-2ml by
topping up HzO) was loaded into the sample reservoir,
followed by centrifugation (Hitachi,20-2) at 5-7Krpm for 30




















Fig. 2.4. Centricon 30
process was repeated twice. Afterward, the concentrator was
capped, inverted and centrifugated at 2-3Krpu for 1-2
minutes. The concentrated sample was then collected in a
v-shaped cup.
b.Ethanol precipitation( Maniatis et al, 1982)
DNA sample was mixed with 0.1 volume of 3.0M sodium
acetate( pH 5.2) and 2 volumes of ethanol. The mixture was
chilled at —20°C overnight- After centrifugation at high
speed for 10 minutes, the supernatant was decanted- The
pellet was washed twice with -20°C ethanol (701) followed by
centrifugation at the same speed. The trace amount of ethanol
was dried in a Speedvac- The DNA pellet was resuspended in
HzO or buffers at the desired concentration.
2-3-1-3 Quantitative and Qualitative analysis of DNA
a.Aqarose gel electrophoresis (Maniatis et al, 1982)
Suitable amount of agarose was weighed and mixed with
lxTBE buffer- The mixture was melted and mixed with EtBr(
0.5jgml) before it was poured onto an agarose gel bed( 8cm
x 14.4cm)- The gel, after solidified, was immersed in TBE
buffer containing EtBr( 0.5Lgml) before use-•
The DNA sample, normally ~20jul, was prepared by mixing
with 6x loading buf-fer. XHlndlll digested cI857 DNA was used
as marker( fig- 2-5)( Rodrigueaz et al, 1983). Samples
Fig.2.5. Table of molecular size standards. Restriction
Fragment size standards from six different bacteriophage and
Plasmid DNA sources are displaced on a log scale.
were preincubated at 65°C for 10 minutes before loading into
the gel- Electrophoresis was preferably run at lower voltage
( 10 volts) for overnight- During this time, the bromophenol
blue dye migrated almost to the full length of the gel. The
gel is photographed( or observed) under UV at 302nm. A 0.5%
agarose gel was found to be suitable for all DNA fragments
ranging from 1 to 20Kb.
b.Spectrophotometric analysis of DNA (Manitias et al, 1982;
Rodriguez, et al, 1983)
DNA was measured by spectrophotometer( Model 100—10,
Hitachi) at 260nm and 2S0nm. One 0.D unit at 260nm was
assumed to be equivalent to 50jjgDNAml. The ratio, 0.D
26Cnm0.D 280nm, indicated the purity of DNA. Pure
preparation of DNA gave a ratio close to 2.0.
c.Rough quantitation of DNA( Schoner et al, 1984)
The following is a fast and easy way to quantitate a
trace amount of DNA( few ng DNA)- Two fold dilution of DNA
standards were dropped( 2j1 for each dot) onto an agarose
gel containing EtBr( 0.5gml). The concentration of
standard DNA varied from lng per dot to approximately lOOng
per dot. The sample was also prepared in two fold dilution so
that the most diluted dot was not visible under UV. By•
comparison with the intensity of fluorescence under UV, the
concentration of the sample was obtained.
2.3.1.4 Preparation of insert DNA
The high molecular weight chromosomal DNA was
fragmentated by either mechanical shearing or Sau3A partial
digestion. The fragmentated DNA was sized by either sucrose
density gradient or NaCl density gradient. Chromosomal DNA
was concentrated by centricon 30 to 0.1—0.15mgml before
either mechanical or enzyme treatment.
a. Mechanical shearing( Young and Davis, 1985)
Fish liver chromosomal DNA( 50jgml TE,pH 8.0) was
forced through a small bore needle( 21G) connected to a
2.5ml syringe. A trial( using 0.5ml DNA solution in a 1.5ml
microfuge tube) was performed to determine the required
number of passages to shear DNA to the size of interest( 3—
7Kb). The degree of shear was monitored by agarose gel
electrophoresis and the best condition was selected by
running the samples in agarose gel electrophoresis. After the
determination of the optimal condition, shearing was scaled
up to an amount enough for sucrose or NaCl density gradient
centrifugation.
b. Sau3A partial digestion( Kaiser and Murray, 1985)
A trial was performed first in order to determine the
condition required to digest DNA to the size of interest( 9
— 23 Kb). The two determining factors are Sau3A
concentration and incubation time.
Sau3A concentration was monitored by incubating a series
of microfuge tubes containing 1jg chromosomal DNA( lOfjl MSB
) mixed with a series of 2 time dilution of Sau3A at 37°C for
1 hour- The Sau3A concentration was chosen from the one
generating the highest molar ratio of 9- 23 Kb fragments.
The reaction was stopped by EDTA( 20mM, final concentration
) and incubating at 70°C for 10 minutes.
When the system was scaled up, the results did not
always agree with those determined in the trial runs- To
avoid this, the system was scaled up before an incubation
time was determined- lOug chromosomal DNA( 1001 MSB) was ««
incubated with 10 times the concentration of Sau3A determined
in previous assay with various incubation time at 37°C. The
reaction was terminated by EDTA with final concentration of
20mM and incubation at 70°C for 10 minutes, followed by
agarose gel electrophoresis- The required incubation time was
thus obtained-
After the Sau3A concentration and incubation time were
monitored, large preparation of DNA fragments was carried out
by incubating 10 to 20 microfuge tubes, each of them
containing 10jg chromosomal DNA in 100jl MSB, at the
optimized condition- The reaction was again stopped by EDTA
and heat inactivation- Agarose gel electrophoresis was
required to check whether the reaction had worked properly-
c.Sucrpse density gradient centrifuqation( Manitias et al, 1982)
The sucrose solution 10. and 40V. were prepared in a
buffer containing 1M NaCl, 20mM Tris.Cl, pH 8.0 and 5mM EDTA,
pH 8.0.
Two 12.5ml centrifuge tubes( Beckman, ultra-clear)
were used to prepare 2 sucrose gradients. The gradients were
generated by a gradient generator( made by Biotechnology
laboratory at CUHK) with 107. and 407 sucrose. On each tube,
about 50- 70fJg shear DNA or digested DNA were first
concentrated into about 2001 and then layered onto the top
of the gradients. The samples were then centrifuged at 24Krpm
for 24 hours at 15°C.( Beckman SW40.1).
After centrifugation, a heavy sucrose solution( 50%)
with bromophenol dye was pumped into the bottom of the
centrifuge tube to force the gradient out from the top of the
tubes. Fractions were collected in 1.5ml microfuge tubes at
a rate of 1 drop per 10 seconds. Each fraction contained
about 5 to 10 drops.
The fractions were analyzed by agarose gel
electrophoresis. The fractions containing 3— 7 Kb fragments
were pooled and purified by dialysis against TE, pH 8.0 or,
centricon 30( Amicon). DNA fragments were finally
concentrated to O.lgjul, and stored in O.lxTE, pH 8.0 at
4°C.
d.NaCl density gradient centrifLigation( Kaiser and
Murray,1985; Young and Davis, 1985)
Autoclaved 2% and 22% NaCl solutions were used to
generate the density gradient in two 12.5ml centrifuge tubes
( Beckman, ultra-clear), using the gradient generator as
mentioned previously. Sheared DNA or Sau3A partial digested
DNA were concentrated and layered on top of the gradient.
Each gradient received about 200j1 of 50— 70jg DNA.
Centrifugation( Becker SW40.1) was carried out at 37Krpm
for 4-5 hours at 10°C- The fractions were collected and
analyzed as mentioned above.
2.3.1.5 Construction of EcoRI sites at the 5' and 3'end of
insert DNA( Huynth, Young and Davis, 1985)
a.EcoRI methylation reaction
1 to 2fjq DNA fragments( 3- 7Kb) was dissolved into
20jl methylation buffer with ljjl H3 SAM( 67fmol)( 1jCi)
and 1.0jI EcoRI methylase( 20U1, Promega). This mixture
was incubated at 37°C for 1 hour and the reaction was
terminated by heating at 70°C for 10 minutes.
b.Filling in reaction
To the 221 EcoRI methylation reaction mix, 2.5nl lOOmM
MgCl2, 2.5jI 0.2mM dNTP, 10jCi P—dCTP( optional) and
l.OLfl DNA polymerase I( 5Uj1, Anglian Biotech.) were
added, and incubated at 37°C for 10 minutes. The total
volume, at this stage, was about 27j1- The reaction was
stopped by adding 10ul 50mM EDTA and heating at 70°C for 10
minutes.
c.Ligation of insert with linker.
The insert DNA was then purified by centricon 30(
Amicon) using one change of TE, pH 8.0( made up to 2 ml)
and one change of water( 2ml). The purified insert DNA
solution was dried in a Speedvac and was redissolved in 4j1
kinase buffer .About 1m1 kinased EcoRl linker (G.lpgJl,
Sigma )was added at the ratio of 140ng linker per fJg DNA. The
reaction mix was incubated at 16°C for 16 hours with 0.5j1
T4DNA ligase( 2.5Uj1, Amersham).
d.Digestion of EcdRI linkers
To the 51 ligation mix, 1.5jj1 1.0M Tris.Cl,pH 7.5, Ifjl
1.0M NaCl, 5.61 sterile H2O and 1.0j1 J?coRI( 20U-1,
promega) were added. Incubation was carried out at 37°C for
3 hours. Termination of reaction was done by heat
inactivation( 70°C, 10 minutes).
e.Removal of free ffcoRI linker
The removal of free ITcoRI linker was carried out by
centricon 30( Amicon) using one change of buffer TE, pH 8.0
( made up to 2ml) followed by another change of sterile
water( 2ml). If the concentration of the insert DNA
solution was not high enough, it was concentrated again by
speedvac. The final DNA preparation was stored at 4°C in
0.lxTE, pH 8.0.
2.3.1.6 Ligation of insert to Xgtll vector
Two sets of DNA samples, each of which containing 50ng
insert in 3.5j1 H2O, were incubated at 42°C for 1 hour. Both
samples were added with 1.0j1 5x ligation buffer, followed by
0.5Jl T4DNA ligase( 2.5Upl, Amersham) in test tube, and
0.5jI H2O in control tube.
The samples, after ligation, were run together with a
Xtfizzdlll DNA marker on agarose gel electrophoresis.
b.Determination of the optimum ligation condition( Kaiser
and Murray, et al, 1985)
Several sets of samples, each of which containing
various amount of insert and Xgtll vector in 3.5j1 of H2O,
were incubated at 42°C for 1 hour, followed by addition of
1.01 5x ligation buffer and 0.5jI T4DNA ligase( 2.5UJ1,
Amersham) into each tube. The samples were again incubated
at 16°C for 16 hours.
The ligation reaction mix was packaged in vitro and
titered with Y1090( see 'packaging in vitro' and 'titering
c.Scaling up for a library construction
Using the condition determined in 2.3.1.6 (b), scaling
up the ligation of insert DNA into Xgtll, or repeated the
preparation( in optimum condition) in certain sets of
reactions.
2.3.1.7 Packaging in vitro and libraries titering
a.packaging in vitro( Hanitias et al, 1982)
Freezethaw lysate and packaging extracts were prepared
in the Biotechnology Laboratory at CUHK according to the
method mentioned in Manitias et al( 1982).
Freezethaw lysate and packaging extracts were removed
from -70°C freezer. During thawing, both tubes were put on
ice. Packaging extracts were thawed first and was transferred
into still-frozen freezethaw lysate. The mixture was mixed
gently by autopipette tip. When the combined extracts were
almost totally thawed, DNA (in ligation reaction mix) was
added and gently mixed with an autopipette tip. Incubation of
the mixture took place at room temperature for 1 hour. To the
mixture, G.5M SM was added, followed by addition of 2 drops
chloroform.The mixture was then centrifuged briefly and the
supernatant removed. One drop of CUCI a was then added. The
recombinant phage was stored at 4°C.
b.Library titering
The titering involved 4 processes:
1.Dilution of phage stock
The phage stock was diluted with SM into proper
dilution. Usually it was diluted into 10 10 10
dilutions.
2.E. coli Y1090 culture
A single colony was transferred into LB medium
supplemented with lOmM MgClz and 0.2% maltose. It grew at
37°C overnight with shaking. On the morning, a new culture
was started by mixing 5% overnight culture with 95% LB( With
lOmM MgS04 and 0.2% maltose). This culture was incubated at
37°C for about 1-2 hours with shaking until an 0Dsso of 0.6
is reached. Then the culture was stored at 4°C before use.
3.Treatnent of top agar
The top agar, enriched with lOmH MgSO, was melted and
kept at 50°C water bath.
4.Plating
E.coli Y1090 culture (0.3«il) and phage solution (50m1)(
in various dilution) were added into a test tube followed by
incubation at 37°C for 15- 20 minutes without shaking. To
the test tube, 20m1 0.1M IPTG and 40j1 2%X-gal were added,
followed by 3ul melted top agar. The mixture was poured
immediately onto a prewarmed( 42°C) LB plate. After the top
agar solidified, the plate was inverted and incubated at 42°C
overnight. A blue phaque indicated a non-recombinant phage;
whereas a clear phaque represented a recombinant phage.
2.3.1.8 Preparation of insert DNA for cloning into MSMBL3
The generation of 9- 23 Kb insert DNA was done by 5au3A
partial digestion, followed by sucrose density gradient
centrifugation. The procedures were exactly the same as those
mentioned in Chapter 2.3.1.4( c) except that the condition
was chosen so that the molar ratio of 9-23 Kb fragments was
at the highest amount.
2.3.1.9 Preparation of insert DNA for cloning into XEHBL4
The 9- 23 Kb fragments of the Sau3A partial digestion
was prepared for ligation into EcoRI site as described for
Xgtll( Chapter 2.3.1.5).
2.3.1.10 Preparation of XEMBL4 vector
The XEMBL4 DHA was doubly digested with BanHI and ITcoRI.
4Jg XEMBL4 DHA was digested in 100Lil MSB containing 40U
(20Ua1, Promega) ZtamHI. It was incubated at 37°C for 3
hours and the reaction was terminated by heat inactivation at
70°C for 10 minutes. To the reaction mix, 15jI 1-0M NaCl was
added in order to change the buffer into HSB and ImM DDT was
freshly added. The reaction volume of FcoRI digestion was
200lI. AcoRI( 40U) was used to digest DHA( 20mM) and heat
inactivation at 70°C for 10 minutes. Centricon 30 was used to
remove buffers and 2m1 of reaction mix was analyzed by
agarose gel electrophoresis to confirm complete digestion.
t•
2.3.1.11 Ligation of insert to X replacement vectors
The procedures and condition were same as described in
Chapter 2.3.1.6.
2.3.1.12 Titerings of XEMBL3 and XEMBL4 libraries
The titering involved 4 processes:
1.Dilution of phage stock
%
The phage stock was diluted with SM to 103 and 10 3
dilutions.
2.NM538 and M539 cultures
The procedures were sane as those mentioned in
2.3.1.7(b)(2) except that 2 single colonies from NM538 and
NH539 were used to inoculate 2 separate culture nediuns.
3.Treatment on top agar
Same as 2.3.1.7(b)(3).
4. Plating
Each dilution of phage stock (5.01) was added into
NM538 and NM539 cultures( 0.3ml). The mixtures were
incubated at 37°C for 15- 20 minutes without shaking. After
incubation, 3ml melted top agar( 50°C) was added into each
tube, followed by pouring the whole content onto a prewarmed
LB plate(42°C). The plates were incubated at 42°C after the
agar was solidified. Plaque forming on NH538 plate
represented non-recombinants; whereas plaque forming on NH539
plate represented recombinants.
2.3.2 Results
2.3.2.1 Grass carp chromosomal DNA
Three methods have been tried to prepare chromosomal DNA
••
in good quality. Table 2.1 summaries the results of these
preparations.
Table 2.1 Grass carp chromosomal DNA
METHOD SAMPLE LLZEBXg) DMACg) YIELD Q25O2bo
1 1 10.0 1720 172 1.65




































3 1 1.3 218 170 1.87
Yield is defined as Jg DMA g Liver
From Table 2.1, we found that Hethod 3 was the best to
provide a high purity of chronosonal DNA and its yield was
almost the best among all the trials. Thus, it was used in
the following genomic construction.
From Table 2.2, the chromosomal DNA prepared in method 3
( fig. 2.8) provided the lowest degree of shearing compared
with those generated by method 1( fig. 2.6) and method 2(
fig.2.7). The size of chromosomal DNA prepared in various
methods were more or less the same.
2.3.2.2 Cloning in Xgtll using 5au3A partial digestion and
sucrose density gradient strategy
a.Generation of 3- 7 Kb grass carp DNA fragments
The construction of this fish genomic library started
with 120Jg chromosomal DNA( 75gml in IX TE, pH 8.0)
prepared from method 3. 3-7Kb fragments were generated in the
following steps.
l.Sau3A partial digestion
Twenty 1.5ml microfuge tubes and 1 set of control, each
containing 6jug fDNA in 100m 1 MSB, were incubated with 0.7U
Sau3A per tube( except control) at 37°C for 42 minutes.
0
Under this condition, the degree of digestion gave a high
yield of 9- 23 Kb( for cloning into XEMBL vectors) and 3
Table 2.2 Qualities of grass crap chronosonal DMA










Fig. 2.6. Agarose gel electrophoresis of fish chromosomal DNA
by Method 1, in 0.3% agarose stained with EtBr. Strong
shearing was observed in lane a, 150ng fish chromosomal DMA;
lane b, 650ng fish chromosomal DNA; lane c, HindIlI marker.
ig. 2.7 Agarose gel electrophoresis of fish chromosomal DNA
by Method 2, in 0.3% agarose stained with EtBr. Some shearing
was observed in both lane a and lane b. Lane a and lane b,
250ng fish chromosomal DNA; lane c, HindIlI marker.
Fig. 2.8. Agarose gel electrophoresis of the fish chromosomal
DNA by Methods 3, in 0.3% agarose. Lane a and lane b, 250ng
fish chromosomal DNA; lane c, Xi7dIII marker.
Fig. 2.9. 5au3A partial digested fDNA sized by sucrose
density gradient were electrophoresed on a 0.5% agarose
gel.Lane g, Hincilll Barker.
7 Kb fragments.
2.Sucrose density gradient
5au3A partial digested fDNA (120AJg) in 3091 O.lxTE, pH
8.0 was sized in a sucrose density gradient. Fifty-five
fractions, varying from 5 to 15 drops, were collected. The
distribution of fragments was determined by agarose gel
electrophoresis( fig.2.9). Fraction numbers 20- 22
containing the 3-7 Kb fragments were pooled and purified by
centricon 30 to remove sucrose and buffer.
b.Construction of ffcoRI sites on 3- 7 Kb fragments
3- 7 Kb Sau3A partial digest DNA (7.2m£) was used in
this modification protocol.
1.Methylation and Filling in reaction
The methylation reactions were carried out in 8 sets of
samples, each containing~ l.Og of the 3-7 Kb fragments.
Digestion of the methylated DNA fragments with EcoRI
indicated successful protection. Filling in reaction with DNA
polymerase was carried out after methylation.
2.Ligation of AcoRI linkers to 3- 7 Kb DNA .digestion
of linkers and removal of free linkers
AcoRl linkers were added to the 3-7 Kb fragments by
procedures described in Chapter 2.3.1.5 (c). No significant
loss of DNA was observed by agarose gel electrophoresis.
However the size of the fragments has shifted to the 3-5 Kb
region. Because of this, some shearing of DNA must have
occured during our manipulation.
c.Ligation of insert to vector (Xgtll 1
In order to test the integrity of the EcoRI sites, we
perform a self ligation reaction with the 3-7Kb fragments
generated above. From the agarose gel electrophoresis self
ligation of the insert did happen and more heavy DNA
fragments were found after ligation.
After the integrity of the EcoRI sites was confirmed, an
optimum ligation condition was tested with various arm to
insert ratio. The results of this test is summarized in the
Table 2.3.
From Table 2.3, an optimum condition was chosen which
was an AI molar ratio of 12. This condition would be used
in later library construction.
Five recombinant phage shocks were constructed according•
to the molar ratio of AI= 12 determined by the optimum


























Note: Yield is defined as PFUg insert
A and I are in ng.
AI is molar ratio of arms to insert.
ligation condition. Each preparation consisted of 0.5pg Xgtll
vector and 80ng insert. The titer of each preparation was
summarized in the Table 2.4.
All recombinant phage stocks listed in Table 2.3 and
Table 2.4 were pooled up to become a Xgtll genomic library,
g
whose size is about 2x10 recombinants in 4 ml SM,
supplemented with several drops of CHCL3. This genomic
library was again titered, indicating no loss of recombinant
phages.
2.3.2.3 Cloning into Xgtll using mechanical shearing and NaCl
density gradient strategy
This strategy was used to construct a Xgtll genomic
•«
library. The results of different procedures were recorded in
the following steps.
a-Meehanical shearing
Shearing was done in a volume of 0.5ml and a
concentration of 50Mml (TE pH 8.0) high M.W. chromosomal
fDNA. The degree of shearing after various number of passages
through the needle were determined by agarose gel
electrophoresis. The best condition yielding the highest
level of DNA fragments between 2-5 Kb was determined to be 7
passages. This procedure was subsequently scaled up into
250Mg fDNA.
b.NaCl density gradient






























Note: 1. Yield is defined as PFUJg insert
2. Blue is blue plaque; and Clear is clear plaque.
Half of the sheared DNA (125g) was sized by NaCl
density gradient in two 5nl centrifuge tubes
(Ultra-clear,Beckman).The fractions selected were deternined
by agarose gel electrophoresis with size around 1-6 Kb. A
yield of 18jug DNA fragments was obtained after purification
with ethanol precipitation.
c. Cloning in Xgtll bv linker strategy
DNA fragments were prepared almost the same way as
previously described( Chapter 2.3.4.2 (b)). The 18Jg
(l-6Kb)DNA fragments were methylated and end sealed by
filling in reaction. Phenol extraction and ethanol
precipitation were carried out to remove the enzymes and
•«
buffers. To the purified DNA fragments, 0.5g J?coRI linker
was used to ligate with the DNA fragments, followed by A'coRI
complete digestion. Phenol extraction and ethanol
precipitation were then used to remove enzymes and buffers
before the free A'coRI linkers were removed by centricon 30.
Ligation of insert DNA (0.5MS) with Xgtll (2.0g) was
carried out at a molar ratio of vector: insert =1: 2.
After in vitro packaging, a partial genomic library with
4
3x10 recombinants was constructed. The results of this
library is summarized in Table 2.5.
Because the construction of library using 5au3A partial
digestion and sucrose density gradient gave a library of









Blue is blue plaque; and white is white plaque.
Yield is defined as PFUjug insert.
higher titer and a larger% of recombinants, the strategy
described in this section was not used in our genomic library
construction.
2.3.3. Discussion
The construction of Xgtll genomic library utilizing
Sau3A partial digestion and sucrose density gradient
centrifugation required 120Mg fDNA as starting material. From
this 8.25Jg 3-7Kb fragments were generated. 6g of a 3-5Kb
insert DNA was finally obtained for library construction. A
6
library with 2x10 recombinants was obtained by using only
1. 8g of this insert DNA.
In another approach, 18Mg DNA fragments (l-6Kb) was
generated after mechanical shearing and NaCl density gradient
from 125ms fDNA. After DNA manipulation, only 0.5mS insert
DNA remained which was only enough to construct a library of
4
3x10 recombinants.
From the two library construction methods, Sau3A partial
digestion with sucrose density gradient is a better method
because it gave the higher titer of recombinant from less
starting material and higher molar ratio of 3-7Kb insert DNA.
Compared with mechanical shearing, Sau3A partial digestion is
more easy to control because the speed of passing the DNA
solution through a needle could not be kept constant at all
9'
the time.
Sucrose density gradient centrifugation offered a good
size fractionation of DNA fragments. This increased the
chance of ligating a DNA fragment of suitable size (better to
be 3-7Kb) into the Xgtll vector.
2.4 Cloning into X replacement vectors :EHBL3 and EMBL4
2.4.1.1 XEMBL3 strategy
The chromosomal fish DNA prepared by method I was first
sized by sucrose density gradient. A very sharp band (~40Kb)
of DNA was obtained. 32jug of this DNA was digested with 0.5U
5au3A in MSB at 37°C for 1 hour. After sucrose density
gradient separation, 6g of 15- 20 Kb DNA fragments was
isolated. Ligation test of this DNA preparation indicated
that the fragments were self ligatable with an increase in
size to 20-30 Kb( fig.2. 10).
The 15-20 Kb insert was ligated with dephosphorylated
XEMBL3 arms at 3 different arm to insert molar ratios. After
packaging, the control gave a high titer of recombinant
phages indicating that the reaction had proceeded properly.
The results of 3 experiments are presented in Table 2.6.
2.4.1.2 XEMBL4 strategy
a.Preparation of vector DNA
Four Mg -EMBL4 DNA was double digested with BaxMI and
EcoRl. Agarose gel electrophoresis confirmed that the
digestion was completed because 3 bands were observed( ie.,
the right arm, the left arm and the stuffer.) at the correct
location.
Fig. 2.10. Test of integrity of insert DNA after generating
cohesive ends at 5' and 3' ds cDNA. The presence of the DNA
in the wells indicated the ligation of DNA fragments. Lane a,
XHindIII marker; lane b, ligation of XHindlll DNA as control;
lane c, ligation of HindIII and insert DNA; lane d, ligation
of insert DNA; lane e, insert DNA.




































A denotes XEMBL3 arm in ng.
I denotes 15-20 Kb insert DNA in ng.
AI denotes arms to inserts molar ratio.
NM538( permissive host) represents the number of plaque
formed on its lawn.
NM539( restrictive host) represents the number of plaque
formed on its lawn.
b.Preparation of insert DNA
Two fJg Sau3A partial digested fDNA (9-15 Kb) was ligated
to FcoRI linker as described in Chapter2.3.1.5. During this
operation, the DNA was slightly degraded, and its size was
reduced to 6-15 Kb.
c.Cloning into MSMBL4
The DNA insert obtained above was tested for its ability
to self ligate and found to be of reasonable quality. This
DNA was then ligated with AeoRI cut EMBL4 arns at a molar
ratio of 1 to 2. After packaging, the titer of the
recombinant phage was determined. Table 2.7 summarizes the
results.
From Table 2.7, it shows that the control gave very low
titer. This indicated that the reaction did not proceed
properly. Thus, the results of these libraries constructions
were not reliable. The plaques formed on NH538 lawn were much
higher that those formed on NM539 lawn. This resulted from
self-ligation of EMBL4 DNA and incomplete digestion of vector.
The failure of XEMBL3 and XEMBL4 strategies is mainly
due to the poor quality of chromosomal DNA. and non-specific
degradation during handling operation.































A denotes XEMBL4 arms in ng.
I denotes 15-20 Kb insert DNA in ng.
AI denotes arms to inserts molar ratio.
NM538( permissive host) represents the number of plaque
formed on its lawn.
NM539( restrictive host) represents the number of plaque
formed on its lawn.
XEMBL3 strategy depends solely on the quality of
chromosomal fDNA as well as the insert DNA. The generation of
9-23 Kb Sau3A partially digested DNA from 30- 40 Kb
chromosomal fDNA results in a large proportion of the insert
DNA carrying one or two broken ends. The insert DNA without
both cohesive ends (ie. Sau3A cohesive ends) will consume
vector DNA and reduced the titer of a library construction.
Many attempts had been tried to avoid these problems. The
highest titer of library we obtained using this system was
about 1x10 PFUJg insert.
The XEMBL4 strategy was designed to overcome some of the
problems encountered with broken ends. However, in this
experiment, degradation was encountered during vector and
insert preparations. Because of this, it is worthwhile to
repeat this experiment to overcome some of the initial
difficulties. Although this strategy has also failed, it is
still worthwhile to try it again since this experiment has
been performed only once.
CHAPTER 3 CONSTRUCTION OF FISH PITUITARY cDNA LIBRARY
3.1 Introduction
3.1.1 Background
In order to integrate the GH gene into the fish genones,
we have to isolate the GH gene at cDNA level. Although the
GH gene at genomic DNA level can also be used to direct the
synthesis of GH, it is more difficult to isolate a gene from
a genomic library. Horeover, transgenic operation always
favours a short exogeneous sequence for microinjection into
eggs or embryos (Brinster, et al., 1985).
The very first step in the cloning of eukaryotic genes
is to construct a cDNA library. Messenger RNA used for cDNA
synthesis is prepared from the tissue which specifically
expresses the desired gene products. Thus, one of the major
task is to collect sufficient amount of pituitary glands from
young grass carps for mRNA isolation. For this project, one
thousand pieces of pituitary glands were kindly provided to
us by the Department of Biology, Zhongshan University, China.
The GH gene of salmon, rainbow trout and tuna have
already been cloned by several groups of workers. They have
used plasmids as a vector (Y. Okayama and Berg plasmid
vectors) to construct cDNA libraries. Synthetic
oligonucleotides and GH cDNA sequences have been used as
probes. The cloned genes have also been expressed in E. coli
and possibly integrated in fish genones.
3.1.2 Strategy and planning
a.Extraction of mRNA and cDNA synthesis
Messenger RNA was extracted from pituitary glands and
purified through oligo (dT) cellulose column chromatography.
The quality of mRNA was tested by in vitro translation and
SDS-PAGE. Amersham's cDNA synthesis system was used to
construct cDNA through oligo (dT) primer to prime the reverse «
transcription of mRNA. The quality and quantity of cDNA are
determined by agarose gel electrophoresis.
b. Use of vector
The detail of Xgtll vector has been described in Chapter
2.1.3 (b). Although Xgtll is an expression vector, it is
also suitable for cDNA library construction and screening by
nucleic acid probes. The cDNA library constructed in this
way requires more effort to fish out the desired gene because
the plaques formed also contain phages carrying no insert.
Nucleic acid probes are used in our study because it can be%
easily synthesized based on the infornation fron the anino
acid sequence published. The use of antibody probe has
drawbacks due to its insensitivity and that the desired gene
may not always be expressed properly during screening.
c. Choice of probes
Two synthetic oligonucleotide probes, probe A and probe
B, were made according to the amino acids and mRNA sequences
of salmon and rainbow trout growth hormone (Seikine, et al,
1985; Agellon, et al, 1986)( see Appendix A). Probe A is
made according to the amino acids 22-27 and their
corresponding mRNA sequence; whereas probe B is made
according to the amino acid 161-168 and their corresponding
mRNA sequence( fig.3.1). The criteria of choosing these two
regions is that they correspond to the C and N terminal
regions of the GH cDNA and that binding of both would
indicate a cDNA encoding the full length GH cDNA.
d. Cloning strategy( Haymerle et al, 1986; Huynh et al, 1985
Linkers were added to the cDNA sequence so that they can
be cloned into the EcoRl cohesive ends of the Xgtll vectors.
The constrution of EcoRl cohesive ends on 5' and 3' ends of
cDNA sequence was proceeded through EcoRl methylation,
filling in reaction, ligation of linker with cDNA, digestion
• » •






















































Fig.3.1. The amino acid, mRNA and nucleotide sequences of
probe A and probe B.
of linker with ITcoRI and removal of free linker. The final
cDNA is then cloned into Xgtll and packaged in vitro to
become a complete cDNA library.
e. Screening
The probes were first tested in hybridization with
pituitary total RNA. Plaque hybridization assay is carried
out to screen the primary cDNA library after amplification of
the library.
3.1.3 Estimation of a complete cDNA library size
cDNA library can be defined as a collection of cDNA
sequences which should include a full length of a desired
gene.
The required size of a cDNA library depends on the
abundance of mRNA level. For instance, the level of GH is
high in young avian species but low in adult and embryo
(Scanes and Lauterio, 1984). In one study (Chen, Pan and
Chang, 1988), the GH-encoding cDNA constitutes about 4% of
the total cDNA library constructed from mRNA of
three-week-old male duck. A 99% probability of obtaining a
low abundance mRNA from a cDNA library requires approximately
1.7x10 clones (Maniatis, et al., 1982). Based on the
results of published studies, screening 10,000 recombinants
are enough to obtain 40 Tuna GH cDNA clones (Sato et
al.,1988), and 4,000 recoubinants are enough for two Salnon
GH cDNA clones (Sekine et al.,1985). Thus, we predict that
the required size of our cDNA library would be around 10 to
10 recombinants. Our aim is to construct a cDNA library of
10 recombinants which should be enough to contain a cDNA
encoding a full length sequence of GH.
3.2 Material
Lysis buffer
Guanidine monothiocyanate (ie. guanidine thiocyanate)(
118.16g) was dissolved in 200nl water at 50°C and nade up to
50nM Tris.HCl, pH 7.5 and lOmM EDTA. While the solution was
still hot, it was filtered through 0.45jM membrane. 8%
3-mercapto-ethanol(vv) was added just before use.
RNA solubilization buffer
0.1% SDS, ImM EDTA and lOmM Tris.Cl, pH 7.5 which were
autoclaved before use.
LiCl solution
4M and 3M LiCl were autoclaved before use.
Ammonium acetate(7.5M)
The solution was filtered through 0.45ajM membrane before
use.
RNasin
RNasin Ribonuclease inhibitor(Promega) was added into a
final concentration of lOOuml. 1 unit(u) is defined as the
amount of RNasin ribonuclease inhibitor required to inhibit
50% of the activity of 5ng of ribonuclease A.







The solution was adjusted to pH 7.0 with 10M NaOH.
Denaturing buffer
One volume of LiCl buffer( 1H LiCl, 0.05H EDTA and 2%
















It was swollen in H2O overnight before use. One g of dry
gel yielded a volume of 2.5-3.5ml in water.
Rabbit reticulocyte lvsate( Code N.90Y, Amersham)
Twenty Ml aliquot of lysate in a screw top polythene
vial was used for one translation reaction. It was stored at




Amersham's cDNA synthesis system (Amersham)









5X first strand buffer
Na pyrophosphate( 0.5M)
Human placental RNase inhibitor( 30Um1)






( Total volume= 451)







First strand cDNA reaction mix
Second strand synthesis reaction buffer
P32-dCTP (optional)
E.coli ribonuclease H( 0.8UJ1)
E.coli polymerase I( 3.5U1)
H2O
( Total volume= 246j1)
2QXSSC
175.3g of NaCl and 88.2g sodium citrate were dissolved
in 800ml of H2O. pH was adjusted to 7.0 with a few drops of
NaOH( ION). The volume was adjusted into 1 litre and was
autoclaved. Various concentrations of SSC were diluted from
this stock.









Pre-hybridization buffer containing 0.1% SDS.
Labelled probes A and B( fig.3.1)
The working concentration is lAJgAJl and 10 CPMnl. The
32
probes were P labelled using T4 kinase according to the



















3.3.1 Preparation of total RNA
All procedures were performed at room temperature except
as indicated. All glasswares used were autoclaved and baked
at 160°C for 10 hours.
The frozen tissue (pituitary gland or liver) was
homogenised with lysis buffer(7mlg tissue) in a glass
homogeniser for several minutes. If the tissue was freshly
prepared, it would be washed briefly in PBS before
homogenisation. Three ml aliquots of homogenate were
transferred into 25 ml corex tubes(screw cap), into which 7
volume of 4M LiCl and Ribonucleoside vanadyl complexes( lOmM
final concentration, Sigma) were added. The mixtures were
incubated at 4°C for 15-20 hours in order to precipitate RNA.
The mixture of each tube was divided into half and spinned at
8k rpm for 90 minutes at 4°C. The supernate was discarded and
the wall of tube cleaned by kimwipe. The pellet was then
resuspended with 3.5ml of 3M LiCl and mixed by vortexing,
followed by addition of freshly prepared DTT( to ImM) and
RNasin( to lOOUml). Centrifugation( 8Krpm at 4°C for 1
hour) was carried out to pellet RNA again which was then
resuspended in solubilization buffer( 2.5mlg tissue).
After pooling all of the suspensions into one tube, the
mixture was incubated for 45 minutes at room temperature,
during which it was vortexed for 20 seconds in every 10
minutes.
The solution was extracted once with Tris saturated
phenol and twice with chloroform-isoamyl alcohol. During
extraction, the tube was rocked gently. Phase separation was
facilitated by centrifugation for 30 minutes at 4°C. The
upper aqueous phase was recovered without disturbing the
white interface containing mostly the denatured proteins.
Into the aqueous solution, 0.5 volume of 7.5M ammonium
acetate and 2.2 volumes of ethanol were added to precipitate
RNA. The mixture was chilled at -20°C overnight.
Centrifugation at 10K rpm for 20 minutes at -10°C was carried
out to pellet the RNA. The RNA was then rinsed with 70%
alcohol, pelleted by centrifugation and lyophilized.
RNA was stored at -70°C under ethanol( 70%). The
purity and concentration of RNA was measured by
spectrophotometric analysis, and the quality of RNA was
analyzed by formaldehyde agarose gel electrophoresis.
3.3.2 Quantitative and qualitative analysis of RNA
a. Spectrophotometry analysis( Hanitias et al,1982)
Purity of RNA preparation was determined by its OD at
260nm and 280nm. Pure RNA usually gives a ratio of 2.0. One
OD unit at 260nm represented 40Jg RNAml.
b. RNA denaturing gel electrophoresis
Preparation of gel( for 100ml preparation)
l.lg agarose was melted in 73ml distilled water, and
10ml MOPS (10X) and 16.6ml formaldehyde were added after
cooling down to below 60 C. Forty ml of the solution was
enough to pour one gel.
Sample preparation and electrophoresis
The total sample volume was not more than 251 and was
made up by 9 volumes of denaturing buffer to RNA. Before
loading onto the gel, the sample was heated at 55°C for 15
minutes, followed by addition of 3jul dye( 0.1X MOPS, 15%
ficoll and 0.25% bromophenol blue ).Before electrophoresis,
the running buffer( 1XM0PS) was poured over the gel before
samples were loaded. Electrophoresis was run at 70 volts for
2-3 hours or 10 volts for overnight.
After electrophoresis, the gel was washed with aimoniun
acetate( 0.5M) and soaked in acetic acid( 1M) for 30
ninutes. Then it was stained in 0.5Mg EtBr ill ammonium
acetate( 0.5M) for 15-30 minutes. After destaining
overnight in water, the RNA in the gel could be observed
under UV.
3.3.3 Extraction of mRNA- Oligo(dT) cellulose column
chromatography( Gubler et al, 1983)
Preparation of column
The swelled gel( 0.5-lml) was loaded into a 1ml
autopipette tip plugged with a sterile glass wool. The column
was washed with 3 column volumes of sterile water followed by
a similar volume of 0.1M NaOH with 5mM EDTA and finally with
8 column volumes of sterile water. The washing was determined
to be completed until the pH became less than 8. Before
adsorption of mRNA, the column was washed with at least 5
column volumes of loading buffer (IX). To regenerate column,
it was washed with a cycle of 0.1M NaOH5mM EDTA, sterile
water and loading buffer (IX).
Preparation of sample
Total RNA was dissolved in water and heated to 70°C for
12 to 1 minute, followed by rapid cooling to 4°C and
addition of 0.5ml loading buffer (2X).
Adsorption of mRNA
The sample was applied to the column at room temperature
with a flow rate of 0.5mlminute. The filtrate was collected
•
into 1.5ml sterile microfuge tubes. The procedure was
repeated by heating the filtrate at 70°C for 12 minute and
then reapplied into the column after cooling. The column was
•I
then washed with 5—10 column volumes of loading buffer (IX)
until the filtrate gave zero reading at 260nm-
Elution of mRNA
mRNA was eluted by 3—5 column volumes of eluting buffer.
The eluant was checked by spectrophotometer( at 260nm) with
an acid washed curvette. The eluted mRNA was precipitated by
ethanol and was stored at —70°C in 70C ethanol.
3-3.4 in vitro translation of pituitary mRNA( Clement et a J,
1985)
Two 1.5ml microfuge tubes, one containing 2fjl ljug1
pituitary mRNA (test) and one containing 21 H2O (blank),
were incubated at 65° C for 5 minutes. Rabbit reticulocyte
lysate was removed from liquid N2 and thawed on ice. Into
each microfuge tubes, 201 of thawed lysate and 3j1
S35—methionine (1.0jugjl ;15.0 Ciml) were added. After
incubation at 30°C for 90 minutes, the samples were stored at
—20°C-
To measure the level of translation, scintillation
counting was used. 2j1 of each samples were mixed with 1 ml
of H20. To each sample, 0.5ml of decolouring reagent( 5ml
NaOH (1M) with 0.05g DL—methionine and 250ljI H2O2 (30%)) was
•
added and incubated at room temperature for 10 minutes,
followed by addition of few drops of lmgml BSA and 2 ml 25%
TCA. Then the samples were chilled on ice for 30 minutes. The
precipitates formed were collected on GFC glass fibre
filters( Whatman, 2.5 cm) by suction. The filters were
dried by infra—red lamp, and then counted by scintillation
counter.
%
3.3.5 cDNA synthesis( Amersham, 1985; Huynh, Young and
Davis, 1985)
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The procedures used were exactly as described in the
manufacturers manual( see Appendix B). The first strand
reaction mix was mixed gently, and then incubated with 5j1•
AMV reverse transcriptase (100U) at 42°C for 2 hours. The
reaction nix was kept on ice, and ImI of sample was removed
for incorporation analysis.
Incubation of second strand reaction mix was conducted
in 3 successive conditions: 12°C for 1 hour, 22°C for 1 hour
and finally 70°C for 10 minutes. The reaction mix was set on
ice and incubated with 4 Ml( 16U) T4DNA polymerase at 37°C
for 10 minutes. The reaction was terminated by adding 25m1
EDTA (0.25M) and 25m1 SDS( 10%). ImI of reaction mix was
saved for incorporation analysis.
The cDNA was purified by phenol extraction and
ethanol precipitation.
3.3.6% incorporation analysis( Amersham, 1983)
One Ml of sample was dissolved into 20m1 of H2O. Then
2m 1 of the solution was spoted onto the centre of two 2.4cm
disc( Whatman DE81 paper) labelled as A and B. The filter
disc B was washed with 6X 0.5M Na2HP0 (5min.wash). Both
filters A and B were dried under IR lamp. Then the filters A
and B were counted in a scintillation counter.
First strand of incorporation pdu d
CPU of filter A
X 100%
3.3.7 Construction of JScoRI sites on dscDNA
This construction involved ITeoRI nethylation,filling in
reaction, ligation of linker, digestion with JS'coRI and
removal of free linker. The procedures used were the same as
mentioned in Chapter 2.3.1.5.
3.3.8 Optimum condition for ligation of dscDNA into Xgtll
Various molar ratio of dscDNA to Xgtll were performed to
optimize ligation efficiency( Hanahan, 1985). After
packaging, the samples were titered using the procedures as
described in Chapter 2.3.1.7..
3.3.9 in vitro packaging and Xgtll library titering
See Chapter 2.3.1.7.
3.3.10 Northern transfer
RNA was separated in a formaldehyde denaturing gel
before northern transfer.
The blotting apparatus was set up as indicated in
Fig.3.2( Maniatis et al, 1982).. Cationic nylon membrane(
Zeta Probe, BioRad) was used as the blotting nediun. Filter
paper and membrane coning into contact with the gel were all
presoaked in 2XSSC. Overnight transfer was carried out in
20XSSC. After blotting overnight, the gel and the nenbrane
filter were narked. The nenbrane was then washed 3 tines with
2XSSC( 1 ninutewash) and was placed between two 3MH paper
and baked at 80°C for 2-3 hours.
3.3.11 Hybridizatior
The blot was soaked in pre-hybridization solution at




Labelled oligonucleotide probe( to ljjgnl and 10 CPMnl
) was heat denatured in a snail volune( 0.5ml) of
hybridization solution at 90°C for 10 minutes and was added
into the prewarmed hybridization solution( 42°C).
Hybridization was allowed to proceed at 42°C for 12-16 hours
with shaking.
After hybridization, the blot was rinsed briefly with
2XSSC to remove excess radioactivity. Then it was washed 4
tines with 300nl of 2XSSC4nM BDTA0.1% SDS at 42°C( 1t
hourwash), followed by rinsing twice in 2XSSC. The blot was
air dry on Whatman 3MM paper and the radioactivity bound was
visualized by autoradiography( Dillon et al, 1985).
Fig. 3.2. Method for transfer of RNA( or DNA) from agarose
gels to Zeta probe( or nitrocellulose) filter paper.
3.3.12 Screening
Plating
Refer to Chapter 2.3.1.7 except that X-gal and IPTG were
Replication of plaques onto nitrocellulose filters
Dry nitrocellulose paper was laid carefully onto the
agar surface( precooled at 4°C) by flat-bladed forceps to
absorb the phages for 1 minute. Then the nitrocellulose
paper was peeled off. For better signals, the incubating
filters were left with the cultures overnight at 42°C before
being lifted off.
Immobilization of DNA on nitrocellulose
Immediately after replication, the filter, with plaque
side up, was laid on a stack of 3MM paper( Whatman)
saturated with denaturation solution. Then the filter,
keeping it in a horizontal position, was transferred to a
stack of 3MM paper saturated with neutralization buffer.
After 5 minutes, it was transferred to 3MM paper saturated
with 4X SET buffer. The filter was dried on 3MM paper at room
temperature or 37°C. Afterwards, it was sandwiched between
3MM paper and two glass plates and baked in an oven at 80°C
for 2 hours.
Extraction of phages from agar
The tiny piece of agar, corresponding to the position of
the positive signal, was transfered into 0.5ml LB medium with
1 drop of chloroform. Extraction of the phage particles from
the agar was carried out overnight at 4°C with rotation.
After centrifugation, the supernatant was recovered.
Primary screening
The screening of the cDNA library was started with the
3
plating of 10 phages per 90mm plate. After replication of
plaques and immobilization of DNA, the replica was hybridized
with probe B( lngml hybridization buffer). The signal was
picked up by autoradiography.
The plaques with positive signals were removed and
extracted. The screening process was repeated by plating out
2 1
10 plaques and then down to 10 plaques per plate until a
single plaque was isolated and gave a 100% positive signals.
3.4.1 Construction of pituitary cDNA library
The construction of the fish pituitary cDNA library was
started with a preparation of total RNA from approximately
250 fish( Ctenopharvngodon idellus) pituitary glands. Two
grams of pituitary glands yielded 3.72mg of total RNA which
gave an 0D25o0D2ao ratio of 2.0. The total RNA was separated
by formaldehyde agarose gel electrophoresis( fig.3.3)
giving a smear and two bands which corresponded to the 18S
and 28S rRNA. Messenger RNA was isolated by
oligo(dT)-cellulose column. From 4.4mg of total RNA, 66Mg of
mRNA was obtained. This preparation was checked by
formaldehyde agarose gel electrophoresis( fig.3.4). It
showed that the intensity of the. 18S and 28S bands were
reduced while the amount of the other RNAs (ie.,the smear)
was still the same. This indicated an enrichment of mRNA
because it migrated just below the 18S rRNA band on the RNA
gel electrophoresis as shown on the autoradiograhy in
Appendix C( Agellon et al, 1986). The enriched mRNA was
translated in vitro to confirm its quality. The counting of
the radioactivity incorporated sample was 28 times higher
than that of the blank, indicating that the mRNA translation
%
activity was very high. In addition, when the translation
mixture was run on SDS-PAGE, several distinct bands were
observed. However, the major one did not correspond to the
expected protein size of mature fish growth hormone( i.e. 22
KDa). Ten Mg of our mRNA was reverse transcribed into cDNA.
The incorporation of first strand cDNA synthesis was 7%.
Autoradiography after agarose gel electrophoresis indicated
that various sizes of dscDNA were presented( fig.3.5). The
presence of full length dscDNA was most likely.
cDNA was modified for cloning through a series of
reactions to creat AcoRI sites on both ends( see Chapter
2.3.1.5). After these operations, 8fJg of modified dscDNA was
obtained which showed a smear on agarose gel electrophoresis.
Before using them for library construction, the optimum
weight ratio of vector to insert was determined. The results
obtained are summarized in Table 3.1.
As indicated in Table 3.1, the best vector to insert
ratio was Trial 3. It gave the highest yield of recombinant
per Jg of insert DNA. Subsequently, this condition was scaled
up to generate additional recombinants. The results of this
experiment are given in Table 3.2.
All the recombinant phages in Table 3.1 and 3.2 were
pooled and this produced a library of 8 X lOPFU of which 85%
of the phages carry an insert (i.e. white plaque). In order
to assure that there will be enough phage stock for screening
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Fig.3.3. The denaturing gel electrophoresis of fish pituitary
RNA. 4 Mg of fish pituitary, fish liver and mouse liver RNA
were electrophoresed on a 1.1% agarose gel. The fish
pituitary RNA preparation was of good quality because it gave
2 distinct bands( 18S rRNA and 28S rRNA) and a light smear
around them. Lane a, fish liver RNA; lane b, fish pituitary





Fig. 3.4. Isolation of fish pituitary nRNA through; »
chromatography on voligo (dT)- cellulose. Lane a, fish
pituitary RNA( 4Jg); lane b, filtrate of fish pituitary RNA
i
( 4Jg); lane c, enriched fish pituitary mRNA.
« WELL
Fig. 3.5. Autoradiography of grass carp pituitary ds cDNA
labelled with P.
Table 3.1: Determination of optimum condition for ligation
























Clear plaque formed per (Jg insert DNA
I
Table 3.2 Scaling up the ligation of vector to insert













Blue represents the nunber of blue plaque.
Clear represents the number of clear plaque.
Y1088( Hanahan, 1985). The final yield after amplification
was 109 PFUml.
3.4.2 Primary Screenintf
In order to ascertain the ability of oligonucleotide
Probe A and Probe B to hybridize with the fish growth hormone
DNA or RNA sequence, we tested these probes to see if they
t•
can distinguish tissues carrying the mRNA for growth hormone
versus those who do not by northern blotting. Four i-ig of
fish pituitary total RNA and four g of mouse liver RNA were
32;
blotted on to Zeta probe filter. P labelled kinased Probe A
and B were then used for hybridization. As indicated in
Fig.3.6,only probe B could develope signals with fish
pituitary total RNA and not those with the mouse liver. Thus,
primary screening of the pituitary cDNA library was carried
out with this probe. Up to this moment, eight clones showing
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Fig. 3.6. Test of probe A and probe B. Fish pituitary RNA(
FP) and House liver RNA( HL) were transferred onto Zeta
probe( Z) and nitrocellulose( N) respectivity. HL was
used as control. Positive signals were developed on Lane 3
and lane 5. Only probe B hybridized with fish pituitary RNA
blotted on Zeta probes.
3.5 Discussion
One of the difficulties in our construction of a cDNA
library is to collect sufficient amount of pituitary glands.
Due to the low-abundance of GH mRNA and the accessibility of
the pituitary glands, intensive labour work was required to
perform this task. Polymerization chain reaction technology(
PCR) is a good alternative to resolve this problem( Scharf
et al, 1988). By using nucleic acid primers and heat stable
DNA polymerase I, ng amount of cDNA can be amplified into US
level of cDNA with the enrichment of the proportion of the




Because our pituitary cDNA library has a size of 8x10
recombinants, We are confident that we can isolate the GH
gene from this library. Hybridization of the mRNA preparation
used for construction of the cDNA library against
oligonucleotide Probe B demonstraring the likely existence of
the GH mRNA. Autoradiography of the cDNA after separated by
agarose gel electrophoresis showed a large proportion of long
cDNA sequences (fig.3.5). All of these indicate that this
library should have a very high probability of containing a
full length GH cDNA.
%
In order to screen the fish pituitary cDNA library for
the GH gene, two probes were designed. Probe A monitors the
N-terminal portion of the fGH gene while probe B monitors the
C-terminal portion. However, in our study, only probe B can
develope a signal against the total mRNA extracted from the
pituitary gland. The reason why probe A was negative is
unknown. Without probe A, it will be difficult to access
whether we have isolated a full length cDNA. Evaluation of
insert size would probable be a feasible alternative.
CHAPTER 4 GENERAL DISCUSSION AND SUGGESTION
Our success in the construction of a fish pituitary cDNA
library may be attributed to 1) the ability to generate a
high quality mRNA, 2) the high efficiency of ligating the
cDNA into the X host vector and 3) the creation of intact
cohesive ends by the use of linkers. On the other hand,
construction of the genomic library was unsuccessful when a
XEMBL3 replacement vector was used. The cause of this may be
due to the production of poor replacement fragments. The
problem arises from generating 9-23Kb insert from a too short
chromosomal DNA preparation. This results in producing a high
proportion of DNA with broken ends during the preparation of
the insert from sheared chromosomal DNA. Moreover, as the
insert used in this approach may be subjected to further
shearing and degradation, We suspect that additional handling
of the insert will compound the degradation of both the DNA
and the cohesive ends. Sucrose density gradient can be one of
the operations contributing to such a drawback. In this
respect, it is interesting to note that a mouse liver genomic
library( Frischarf et al, 1983) and an Altantic salmon
sperm genomic library( Johansen and Valla, 1987) were
successfully contructed using approaches similar to ours with
the exception that the density gradient step was omittted.
Instead, they cloned the partial 5au3A digested DNA into the
9
X replacement vector directly. In fact, Seed et al( 1982)
presented a theoretical study on the required size of a
genomic library constructed in this manner and gave
directions on this kind of library construction.
We could not in this study generate a chromosomal DNA up
to 100Kb long. The use of cultured cells or sperm may improve
the situation( Kaushansky et al, 1986). If a suitable
alternative method to CsCl equilibrium density gradient can
be carried out, it will probably increase the yield of high
MW DNA. The conventional methods of dissolving CsCl crystal
into crude high MW chromosomal DNA solution and puncturing
the tubes to collect DNA are both harmful. In addition,
protease K is active in the presence of SDS and rapidly
inactivates nucleases from many sources( Clements, 1985).
High level of protease K used in the preparation of high MW
chromosomal DNA produces DNA with minimum shearing and higher
titer. In any event, the basic criteria to isolate high MW
DNA is to minimize the number of steps in preparations and to
handle it in a very gentle manner.
APPENDIX A
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The complete nucleotide sequence and deduced anino acid
sequence of the mature salmon GH( amino acids 1- 188). The
amino acid sequence of signal peptide is -22 to -1. Potential
N-glyeoslation sites( Asn-Xaa-Ser) and( Asn-Xaa-Thr) are
marked by asterisks, and the polyadenlation signal AATAAA(
nucleotides 1100-1105) is underlined( Sekine et al, 1985).
-31 -I
CAGGAAACAGCTATG ACC ATC ATT ACC AAT TCC CCG CCA TCA CCG
Met The Met Zl« The Asa See Arg Cly Ser Alt
1 30 CO
ATA CAA AAC CAA CCG CTC TTC AAC ATC CCG GTC ACC CCC CTC CAA CAT CTC CAC CTA TTG
Zl« Clu Asn Gin Arg Leu Phe Asn Zlc Ale Vsl Ser Arg Vl Gin Hie Leu Kis Leu Leu
T •
JO 120
CCT CAC AAA ATG TTC AAT CAC TTT CAC CCT ACC CTC TTC CCT CAT CAA CCC ACA CAC CTC
Ala Cln Lys Met Ph« Aan Asp Phe Asp Cly The Leu Leu Pro Asp Clu Arg Arg Gin Leu
ISO 110
AAC AAC ATA TTC CTC CTC CAC TTC TGT AAC TCT CAC TCC ATC CTC ACC CCA CTC CAC AAC
Asn Lys lie Phe Leu Leu Asp Phc Cys Asn Ser Asp Ser Zl Val Ser Pro Val Asp Lyz
210• t 240
CAC CAC ACT CAC AAC ACT TCA CTC CTC AAC CTC CTC CAT ATC TCT TTC CCT CTC ATT CAA
His Clu The Cln Lys Ser Ser Val Leu Lys Leu Leu His lie Ser Phe Arg Leu Zle Clu
-C —T
270 300
TCC TCC CAC TAC CCT ACC CAC ACC CTC ATC ATC TCC AAC ACC CTA ATG CTC ACA AAT CCC
Ser Trp Clu Tyr Pro Ser Cln Thr Leu lie Zle Ser Asn Ser Leu Met Val Arg Asn Ala
330 360
AAC CAC ATC TCT CAC AAC CTC ACC CAC CTC AAA CTC CCC ATC AAC CTC CTC ATC ACC CCC
Asn Cln Zle Ser Clu Lys Leu Ser Asp Leu Lys Val Cly Zle Asn Leu Leu Zle Thr Cly
390 420
ACC CAC GAT CCC CTA CTG ACC CTC CAT CAC AAT CAC TCT CAC CAC CTC CCC CCC TAC CCC
Ser Gin Asp Cly Val Leu Ser Leu Asp Asp Asn Asp Ser Cln Cln Leu Pro Pro Tyr Cly
—x
450 480
AAC TAC TAC CAC AAC CTG CCG CCC CAC CCA AAC CTC ACC ACC AAC TAC CAC TTG TTC CCT
Asn Tyr Tyr Cln Asn Leu Cly cly Asp Cly Asn Val Arg Arg Asn Tyr Clu Leu Leu Ala
— T
510 540
TCC TTC AAC AAC CAC ATC CAC AAC CTC CAC ACC TAC CTG ACC CTC CCC AAC TCC ACC AAC
Cys Phe Lys Lys Asp Met His Lys Val Clu Thr Tyr Leu Thr Val Ala Lys Cys Arg Lys
_ 570»
TCA CTC CAC CCC AAC TCC ACT CTC fTAG| ACGTCGGCTGAGAGCCAGCCAG
The partial nucleotide sequence of the rtGH cDNA sequence and
the predicted amino acid sequence of the hybrid polypeptide.
The cDNA insert contains the rtcDNA sequence( -6 to -4),
another residue from the predicted signal peptide of prertGH
( nucleotides -3 to -1), and the entire sequence of the%
mature rtGH( nucleotides +1 to +564). The termination codon




ATC CAC ACA CTC TTT CTC TTC CTC TCA CTC CTC TCT CTC CCT CTC TCC TCT CAC CCA ATC ACA CAC ACC CAC CCT
He. Asp Arq Vsl Ph« Leu Leu Leu Ser Vsl Leu S«r Leu Cly Vsl Ser Ser Cln Pro lie Thr Asp Ser Cln Arq
-10 -1 1
I'iO 200
CTC TTC TCC ATC CCT CTC ACC ACA CTC CAA CAC CTC CAC CTC CTC GCC CAC ACA CTC TTC TCT CAC TTT CAC ACC
Leu Phe Ser lie Al Vsl Ser Arq Vsl Cln Mis Leu His Leu Leu Al Cln Arq Leu Phe Ser Asp Phe Clu Sec
10 20 30
2S0•••••••••
TCT CTC CAC ACA CAC CAC CAC CCT CAC CTC AAC AAA ATC TTC CTC CAC CAT TTC TCC AAC TCT CAT TAC ATC ATC
Ser Leu Cln Thr Clu Clu Cln Arq Cln Leu Asn Lys He Phe Leu Cln Asp Phe Cys Asn Ser Asp Tyr lie lie
40 SO
300 3S0
ACC CCC ATC CAC AAC CAT CAC ACA CAA CGC ACC TCT CTT CTC AAC CTC CTC TCC ATC TCC TAT CCA TTC CTC CAA
Ser Pro lie Asp Lys His Clu Thr Cln Arq Ser Ser Vsl Leu Lys Leu Leu Ser lie Ser Tyr Arq Leu Vsl Clu
60 70 t0
400
TCC TCC CAC TTC CCC ACC CCT TCT CTC TCC CCA CCT TCT CCT CCA ACC AAC CAA ATC TCA CCA AAA CTC TCT CAA
Ser Trp Clu The Pro Ser Arq Ser Leu Ser Cly Cly Ser Als Pro Arq Asn Cln lie Ser Pro Lys Leu Ser Clu
90 100
4 sr. soo
CTC AAC ACA CCA ATC CAC CTC CTC ATC ACC CCC AAT CAC CAT CCA CAC CAC ATC TTC CCT CAC ACC TCT CCC CTC
Leu Lys Thr Cly lie His Leu Leu lie Arq Als Asn Cln Asp Cly Als Clu Met Phe Als Asp Ser Ser Als Leu
110 120 130
5 5P
CAC CTC CCT CCC TAT CCA AAC TAT TAT CAA ACT CTC CCA CCT CAC CAC TCA CTC ACA CCC ACC TAC CAC CTC CTT
Cln Leu Als Pro Tyr Cly Asn Tyr Tyr Cln Ser Leu Cly Als Asp Clu Ser Leu Arq Arq Ser Tyr Clu Leu Leu
140 ISO
00 6S0
CCC TCC TTC AAC AAC CAC ATC CAC AAC CTC CAC ACC TAC CTC ACC CTC CCT AAA TCT CCA CTC TCT CCA CAA CCT-
Als Cys Phe Lys Lys Asp Met His Lys Vsl Clu Thr Tyr Leu Thr Vsl Ms Lys Cys Arq Leu Ser Pro Clu Als
160 170 180
700 750
AAC TCC ACC CTC TAC CCCCGCCTCTCTGATGACC.TCATCCTGTGTCTTCTGGAGCCCCGCCTCTCTGATGACGTAATCATGTGTGTTCTGTAGC





Nuceotide sequence of the tuna GH eDNA and anino acid
sequence of precursor tuna GH. Precursor tuna GH codon
sequence including leader peptide( anino acids -17 to -1)
and nature tuna GH peptide( anino acids 1-187) starts at
nucleotide position 66 and ends at nucleotide position 677.
Polyadenylation site is narked by dashed line and three
direct repeats are by underlines( Sato et al, 1988).
APPENDIX B
The following is the nanufacturer's manual of cDNA synthesis
system.
Protocols
Note: When using the cDNA synthesis system we recommend that suitable plastic
disposable gloves should be worn at all times. This is to avoid the possibility of
contamination by exogenous ribonucleases.
Reagents for first strand synthesis are identified by red-capped tubes and
reagents for second strand synthesis by blue-capped tubes.
1) Set a water bath at 42°C and one at 12°C.
2) Remove the cDNA synthesis system from the freezer and allow the non-enzymatic
components to thaw at room temperature, but keep the enzyme components at
-20°C until just before use.
3) Once components are thawed, keep them on ice.
4) Thaw substrate poly(A) mRNAand place on ice.
5) Set up the first strand synthesis reaction in a 1 -5ml microcentrifuge tube on ice. Add
the components in the order given below:
Standard reaction mix for: 1P9 5pg
poly(A)+mRNA pofy(A)+mRNA





[a-PJdCTP (optional, seepage 15)


















To a final volume (including enzyme) of: 20pl 50ul
6) Mix gently and spin for a few seconds in a microcentrifuge.
7) Add 20 units of reverse transcriptase per pg of poty(A) mRNA(see batch analysis
sheet for enzyme concentration).
8) Incubate at 42°C for a minimum of 40 minutes.
9) Place the first strand reaction mix on ice.
10) If radioactive llabel has been included then remove a sample for analysis.
Note: The reagents for the second strand synthesis are identified by blue-
capped tubes.
1) To the first strand cONAsynthesis mix, on ice, add the following componentsin the
order given below:




First strand cDNAreaction mix
(cONAmRNA hybrid)
Second strand synthesis reaction buffer
[a-PJdCTP (optional, see page 15)
Ecoti ribonuclease H












(see note 1 of 'Second strand synthesis', page 15)
Bui Bui
To a final volume (including enzyme) of:' 100pl 250pl
2) Mix gently and then incubate sequentially at 12°C for v
60 minutes and 22°C for 60 minutes.
3) Incubate at 70°C for 10 minutes.
4) Spin for a few seconds in a microcentrifuge.
5) Place on ice. Add 2-0 units of T4 DNApolymerase per microgram of original
poly(A)+mRNA template (see batch analysis sheet for enzyme concentration).
6) Mix gently and incubate at 37°C for 10 minutes.
7) Stop the reaction by adding 10pl of 0-25M EDTA pH8 and 10pl 10% SDS, per 10OpI
of final reaction mix.
8) If radioactive label has been included, remove a sample for analysis







Hybridization of rainbow trout GH cDNA clone to pituitary
RNA. Pituitary and liver RNA( 30g) were electrophoresed on
a 1.2% agarose gel, transferred onto nitrocellulose filters,
and then hybridized with rainbow trout GH cDNA. This
indicated that the size of GH 11RNA is small than that of 18S
rRNA. Lane a, liver RNA; lane b, pituitary RNA.
REFERENCES
Agellon, L.B. and Chen,T.T.( 1986) Rainbow trout growth
hormone: Molecular cloning of cDNA and expression ir
Esrherichia coll. DNA 5: 463—471.
Amersham.( 1985) cDNA synthesis system. RPN. 1256.
Amicon.( 1986) Operating instructions: centricon
microconcentrators. No. I-259c. 22pp..
Barsh, G.S., Seeburg, P.H and Gelinas, R.E.( 1983) The
human growth hormone gene family: Structure and
evolution of the chromosomal locus. Nucl. Acids Res. 11
: 3939-3958.
Bond,C.E.( 1979) Biology of fishes. Saunders college
publishing. Philadelphia.
Brown. T.A.( 1986) Gene cloning. The Thetford Press Ltd.,
Theford, Norfolk.
Brister, R.L., Chen, H.Y., Trumbauer, M.E., Yagle, M.K and
Palmiter, R.D.( 1985) Factors affecting the efficiency
of introducing foreign DNA into mice by microinjecting
eggs.Proc. Natl. Cad. Sci. USA 82 :4438-4442.442.
Chen, H.T., Pan, F.H. and Chang, W.C.( 1988) Purification
of duck growth hormone and cloning of the complementary
DNA. Biochim. Biophys. Acta 949: 247-251.251.
Chourrout, D., Guyomard, R and Houdebine, L.M.( 1986) High
efficiency gene transfer in rainbow trout( Saluo
gairdneri Rich.) by microinjection into egg cytoplasm.
Aquaculture 51( 2): 143-150.
Clements, M. T.( 1985a) Tranlation of Eukaryotic messenger
RNA in cell-free extracts. In Translation and
translation, ed. Hames and Higgins., pp. 231-270.
Clements, M. T.( 1985b) Purification of eukaryotic
messenger RNA. In Translation and translation, ed. Hames
and Higgins., pp. 211-230.
DeNoto, F.M., Hoore, D.D and Goodman, H. M.( 1981) Human
growth hormone DNA sequence and mRNA structure:
possible alternative spicing. Nucl. Acids res. 9:
3719-3730.
Dillon, J.A.R., Nasim,A and Nestmann, E.R.( 1985
)Recombinant DNA methodology. John Wiley Sons. New York.
PP. 79-80.
Ellis, S., Vodian, M. A and Grindeland, R.E.( 1978) Studies
on the bioassayable growth hormone-like activity of
plasma, Recent Prog. Horn. Res., 34, 213.
Evans, H.M and Long, J.A.( 1921) The effect of the anterior
lobe of the hypophysis administered intraperitoneally
upon growth, and the maturity and oestrus cycles of rat,
Anat. Rec., 21, 61.
Frischauf, A.M., Lehrach, H., Poustka, N and Murray, D.(
1983) Lambda replacement vectors carrying polylinker
sequences. J. Mol. Biol. 170: 827-842.
Gubber, U and Hoffman, B.J.( 1983) A simple and very
•«
efficient method for generating cDNA libraries. Gene 25
: 263-269.
Hammer, R.E., Pursel, V.G., Rexoad, C.E., Wall, R.J., Bolt,
D.J., Ebert, K.M., Palmiter, R.D and Brinster, R.L.(
1985) Production of transgenic rabbits, sheep and pigs
by microinjection. Nature 680-683.683.
Hanahan, D.( 1985) Techniques for transformation of E.coli.
In DNA cloning, ed. Glover, D.M., pp. 109-136.
Haymerle, H., Herz,., Bressan, M., Frank, R and Stanley,
K.K.( 1986) Efficient construction of cDNA libraries
in plasmid expression vectors using an adaptor strategy.'
Nucl. Acids Res. 14: 8615-8624.
Huynh, T.V., Young, A.R and Davis R. W( 1985) Constructing
an screening cDNA libraries in XgtlO and Xgtll. In DNA
cloning, vol.1, ed. Glovere, D.M. 49-78.
Johansen, B and Valla, S.( 1987) Construction of a genomic
library for altantic salmon( Salmon Salar) in a
bacteriophage vector, and screeninng for the growth
hormone gene. Proc. World Symp. on selection,
hybridization, and genetic engineering in Aquaculture. 2
: 371-375.
Kaiser, K and Murray, N.E( 1985) The use of phage Lambda
replacement vectors in the construction of
•«
representative genomic DNA libraries. In DNA clonung,
Vol. 1, Glover, D.M. pp. 1-47.
Kannan, C.R.( 1987) The pituitary gland. Plenum Medical
Book Company. USA.
Kaushansky, K., O'Hara, P.J., Berkner, K., Segal, G.M.,
Hagen, F.S and Adamson, J. W( 1986) Genomic cloning,
characterization, and multilineage growth promoting
activity of human granulocyte-macrophage
colony-stimulating factor Proc. Natl. Acad. Sci. USA 83
: 3101-3105.
Li, C.H and Evans, .M., THe isolation of pituitary growth
hormone, Science, 99: 183, 1944.
Liley, N.R.( 1980) Pattterns of hormonal control in the
reproductive behavior of fish, and their relevance to
fish management and culture programs. pp. 210-246. In
Bardach, J.E., Magnuson, J.J., May, R.G and Reinhart,
J.M (eds) Fish behavior and its use in the capture and
culture of fishs. ICLARM conference Proceedings 5, 512p.
International Centre for Living Aquatic Resources
Managemant, Manila, Philippines.
Maclean, N., Penman, D and Talwer, S.( 1987) Introduction
of novel genes into the rainbow trout. Proc. World Symp.
on selection, hybridation, and genetic engineering in
Aquaculture. 2: 325-333
Maniatis, T., Fritsch, E.F and Sambrook, J.( 1982)
Molecular cloning- A laboratory Manual. Cold Spring
Harbour. USA.
Manteel, S.H., Mattthews, J.A and Mckee, R. A.( 1983)
Principles of plant biotechnology- An introduction to
genetic engineering in plants. Blackwell Scientific
Publications.
Masuda, N., Watahiki, M., Tanaka, M., Yamakaawa, M., Shimizu,
K., Nagai, J and Nakashima, K. (1988) Molecular cloning
of cDNA encoding 20KDa variant human growth hormone and
the alternative splicing mechanism. Biochim, Biophys.
•'
Acta 949: 125-131.
Paladini, A.C., Pena, C and Poskus, E.( 1983) Molecular
biology of growth hormone. CRC Crit. Rev. 15: 25-50.
Palmiter, R.D., Norstedt, G., Gelinas, R.E., Hammer, R.E and
Brinster, R.L.( 1983) Metallothionein-human GH fusion
genes stimulate growth of mice. Science. 222: 809-814.
Palmiter, R.D., Brinster, R.L., Hammer, R.E., Trumbauer,
M.E., Roesnfeld, M.G., Birnberg, N.C and Evans, R.M.(
1982) Dramatic growth of mice that develope from eggs
microinjeeted with metallothionein-growth hormone fusion
genes. Nature 300: 611-615.
ti
Pavlakis, G.N and Hamer, D.H( 1983) Regulation of a
metallothionein-growth hormone hybrid gene in bovine
papilloma virus. Proc. Natl. Acad. Sci. USA 80:
397-401.
Progema, Protoclone Xgtll system( 1987) 6. pp.
Rodriguez, R.L and Tait, R.C.( 1983) Recombinant DNA
techniques: An introduction. Addision-Wesley
publishing company. Massachusetts. 42-43.
Sato, N., Watannabe, K., Murata, K., Sakaguchi, M., Kariya,
Y., Kimura, S., Nonaka, M and Kimura, A.( 1988)
Molecular cloning and nucleotide sequence of tvma growth
hormone cDNA. Biochim, Biophys. Acta 949: 35-42.
Scanes, C. G and Lauterio. T. J.( 1984) Growth hornone:
Its physiology and control. J. Exp. Zool. 232: 443-452.
Scharf, S.J., Horn, G.T and Enlich, H. A.( 1988) Direct
cloning and sequence analysis of enzyiiatically amplified
genomic sequences. Science. 233: 1076-1078.
Schleif, R. F and Wensink, P. C.( 1981) Practical methods
in molecular biology. Springer-Verlag, USA.
Schleyer, M., Track, T and Schleyer, I.( 1982)
Heterogeneity of procine somatotropin. Hoppe Seyler's Z.
Physiol. Chem. 363, 179.
Schoner, B.E., Hsing, H.M., Belagaje, R.M., Mayne, N.G and
Schoner, B.G.( 1984) Role of mRNA translational
efficiency in bovine growth hormone expression
expression in Escherichia coli. Proc. Natl. Acad. Sci.
USA 81: 5403-5407.
Seed, B., Parker, R. C and Davidson, N.( 1982)
Representation of DNA sequences in recombinant DNA
libraries prrpared by restriction enzyme partial
digestion. Gene. 19: 201-209.
Sehgal, P.B., May, L.T., Sager, A.D.,- Laforge, K.S and
Inouge,M.( 1983) Insolatin of noval human genomic DNA0'
clones related to human interferon-? cDNA. Proc. Natl.
Acad. Sci. USA 80: 3632-3636.
Sekine, S., Mizukami, T., Nishi, T., Kuwana, Y., Saito, A.,
Sato, M., Itoh, S and Kawauehi, H.( 1985) Cloning and
expression of cDNA for salnon growth homone in
Escherichia coli. Proc. Natl. Acad. Sci. USA 82:
4306-4310.
Skyler, J.S., Bauman, G and Chrambach, A.( 1977) A
catalogue of isohormones of hGH based on quantitative
polyacrylamide gel electrophoresis. Acta Endocrinol. 85,
5.
Young, R.A and Davis, R.W.( 1985) Immunoscreening Xgtll
«
recombinant DNA expression libraries. In Genetic
engineering principle and methods, ed. Setlow, J.K and
Hollaender, A., pp. 31-48. New York: Plenum Press.
Wallis, M., Howell, S.L and Taylor, K. W.( 1985) The
biochemistry of the polypeptide hormones. John wiley
Sons. Great Britain.
Zhu, Z., Li, G., He. L and Chen, S.( 1985) Noval gene
transfer into the fertilized eggs of goldfish(
Carassius auratus i.). Z. angew. Ichthyol. 1(1),
31-34.


